Feature
As Charles Darwin discovered and explored the evolution of species leading us to an understanding that all living organisms are related by virtue of a common ancestry, linguists were already busy researching the evolution of languages and showing that they too can be traced back to common origins.
This research goes back to William Jones , who realised in 1786 that ancient European languages Latin and Greek were related to ancient India's Sanskrit. Although several others had made similar observations earlier, his lectures on this topic are considered the spark that ignited the intensive study of the group that the polymath Thomas Young (1773-1829) baptised in 1813 as the Indo-European languages. This remains the best-studied language family to this day.
With over 445 living languages and more than 3 billion native speakers, Indo-European is also the largest language family, so there is no shortage of study material. Written records of earlier Indo-European languages closer to the shared roots, such as Ancient and Mycenaean Greek, Sanskrit, and Hittite, are particularly valuable for researchers working to elucidate the nature of the common ancestor and the relatedness of the existing branches, such as Indo-Iranian, Germanic, Balto-Slavic or Romance languages.
Various computational comparison methods are in use today, using limited core vocabularies for comparisons across many languages. The 20 th century approach of glottochronology based on suggestions from linguist Morris Swadesh ) used a core vocabulary of 100 words (known as the Swadesh list) and some simplifying assumptions that turned out to be unjustifi ed, such as a constant rate of change over time.
A recent project, the Automated Similarity Judgment Program (ASJP), has shown that a much more restricted list of only 40 words gives results of equal if not
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better quality. The project runs an openaccess database whose latest, 18th version was released this year (http:// asjp.clld.org/). It includes wordlists for 7,655 languages and groups them into 385 families.
Even in the 19 th century, scholars had already reconstructed parts of the vocabulary of Proto-Indo-European language (PIE) and drawn conclusions about the culture and lifestyle of the people who spoke it. For instance, words for axle, yoke, and wheel with roots shared across the branches of IndoEuropean languages suggest strongly that PIE speakers knew domesticated livestock and wheeled vehicles before their language split into the major branches. New discoveries made in the 20 th century, including documents of an extinct Anatolian language group in modern-day Turkey, enabled others to refi ne these models and to try to establish a context with archaeological fi nds.
The location of PIE speakers has remained controversial, however, with multiple theories competing for recognition. An impression of the lively debates that are still fuelled by the questions surrounding Indo-European origins, migrations and cultures can be gained from the Indo-European.eu blog, which, appropriately, is published in several Indo-European languages.
The two most widely supported options place the PIE-speaking population either in the Pontic Steppe north of the Black Sea and Caspian Sea (also called the West Eurasian Steppe, as further expanses of steppe stretch on eastwards into China and Mongolia) or in Anatolia. The analysis of a large number of ancient DNA samples may now have resolved this long-running dispute.
Home in the steppe
The steppe has a number of archaeologically defi ned cultures collectively described as Kurgan culture, after the Russian word for burial mounds. These structures typically consist of a burial chamber built from wood and then covered with a heap of earth and stones. They are a shared feature of several Eurasian cultures beginning in the Bronze Age.
Marija Gimbutas identifi ed these early Kurgan cultures as a likely origin of the Indo-European language family in a work published in 1956. Some earlier work had also pointed in this direction. More recent efforts focused specifi cally on the youngest of the Kurgan cultures, which is known as Yamnaya or Yamna, or Pit Grave culture and dominated the Pontic Steppe between 3300 and 2500 BC.
In his 'revised steppe hypothesis', laid out in the book The from the Pontic Steppe. The increased mobility afforded by these innovations enabled the Yamnaya to have larger herds and move them more frequently, which was becoming necessary as the climate turned colder and dryer. This mobility also brought new social and political structures.
The main competing theory connects the spread of Indo-European languages to an earlier event, the spread of agriculture, which had started to arise in the Fertile Crescent around 12,000 years ago (Curr. Biol. (2013) 23, R667-R670) from Anatolia to Europe. Thus, the Anatolian theory, championed by archaeologist Colin Renfrew at the University of Cambridge, UK, places the origins of the language family more than 8,000 years ago in modern-day Turkey. From there, it would have spread to the Balkans before expanding into the rest of Europe and much of Asia.
Support for this version comes from Bayesian (i.e. probability-based) analysis of the phylogenetics of modern IndoEuropean languages. Most recently, the group of Quentin Atkinson at the University of Auckland, New Zealand, applied this methodology to 103 ancient and modern languages and came to the conclusion that the phylogenetic tree of the languages supports an origin in Anatolia between 8,000 and 9,500 years ago (Science (2012) 337, 957-960). Critics posit that the evolution of languages may have been too irregular for this method to yield robust results. Moreover, the hypothesis has not fared well with recent DNA analyses.
Genes on the move
In 2015, two separate groups reported large amounts of genomic data relating to the Bronze Age population of the Pontic Steppe and thus to the most widely supported theory for the origin of the Indo-European languages. An international collaboration led by Eske Willerslev at the University of Copenhagen, Denmark, sequenced genomes of 101 ancient humans from across Eurasia at low coverage (Nature (2015) 522, 167-172). The data suggested migrations from the Eurasian steppes into Europe and in other directions. These fi ndings show migrations that could conceivably explain the spread of Indo-European languages and are thus consistent with the Kurgan hypothesis.
In a separate effort, the group of David Reich at Harvard University, USA, and others analysed single nucleotide polymorphisms from 69 ancient Europeans and found a dramatic genetic infl ux from the steppe (Nature (2015) 522, 207-211). Neolithic Corded Ware people in present-day Germany, the data showed, derived three quarters of their genetic heritage from the Yamnaya.
Both studies suggest, in agreement with recent versions of the Kurgan hypothesis, that the Corded Ware culture, which began around 2500 BCE, was the entry point through which IndoEuropean languages may have come to Europe. The studies did not cover the connections to Anatolia and the Indian subcontinent, however, which were the subject of more recent work discussed below.
In 2017, detailed genetic studies of the ancient Mycenaean people of preClassical Greece also showed some genetic contributions from the steppe, in agreement with the Kurgan theory, while the Minoans in Crete and the Canaanites in modern-day Lebanon remained unaffected by this migration (Curr. Biol. (2017) 27, R979-R982).
Further genetic studies in Western Europe document the onward migration of the Yamnaya heritage. In a recent study addressing the old question of whether the Bell Beaker culture spread by migration or by cultural exchange, Reich's group found different answers for different parts of Europe (Nature (2018) 555, 190-196 Previously, the group of Daniel Bradley at Trinity College Dublin, Ireland in the fi rst genome study of prehistoric individuals from Ireland, had shown that the Yamnaya genes had reached Ireland by the Bronze Age (Proc. Natl. Acad. Sci. USA (2016) 113, 368-373) . The samples derived from a burial in Rathlin Island, off the coast of County Antrim, Northern Ireland, dated to 2026-1534 BCE, and showed strong steppe infl uence as well as clear similarities with today's population, suggesting that the infl ux of Yamnaya descendents may have brought both the Celtic language and large parts of the genetic heritage to the northwestern edge of Europe.
Horse and harness
In a series of publications released in early 2018, Willerslev's and associated groups returned to the suspected source of the Indo-European migrations to fi nd DNA evidence relating to the nonEuropean Indo-European languages, including the extinct ones in Anatolia (including Hittite) and the Indo-Iranian group in the south of Asia, to the connection with horse domestication and to the further migrations after the expansion of the Yamnaya.
In collaboration with the group of Richard Durbin at the University of Cambridge, UK, Willerslev's team analysed 74 whole-genome sequences of ancient humans from Asia and Anatolia (Science (2018) https://doi. org/10.1126/science.aar7711). Looking into the genetic connections between the Yamnaya and the other regions where Indo-European languages were established themselves, the researchers found that the expansions in these other directions to be quite different from the one that spread genetic heritageand presumably early Indo-European languages -into Europe.
For Anatolia, the data so far show no evidence of a genetic link that would match the linguistic one, so that group, which is the most deeply branched descendent of Proto-Indo-European, remains a mystery.
Expansions from the steppe into South Asia did not happen at the time of the Yamnaya migration, but the researchers detected genetic traces of an earlier migration of non-Indo-European farmers of the Namazga culture, as well as a later one, dated to the Late Bronze Age (2300-1200 BCE). The authors suggest that this later migration brought the ancestor of the Indo-Iranian group of languages to the southern parts of Asia, along with a genetic heritage that, apart from the steppe signature, also includes some European elements that were not yet present in the steppe at the time of the Yamnaya expansion into Europe. The magnitude of the genetic impact from the steppe was also much smaller in South Asia than in Europe.
The research also showed the Yamnaya to be genetically distinct from the Botai culture, their eastern neighbours in the Asian parts of the Eurasian steppe, today's Kazakhstan, who are linked to the earliest evidence of horse domestication, such as teeth with traces of bridle wear.
In a study of ancient and modern horse genomes, the groups of Alan Outram at the University of Essex, UK, and Ludovic Orlando at the University of Copenhagen showed that the Botai horses are the ancestors of today's feral Przewalski's horses, but only made a very small genetic contribution to the genetic heritage of today's domestic breeds, suggesting that separate domestication events happened elsewhere (Science (2018) https://doi. org/10.1126/science.aao3297). Thus, the precise nature of the horses that enabled the Yamnaya to spread their genes through Europe and up to the coasts of Ireland remains to be elucidated.
After the Yamnaya expansion, the Eurasian Steppe remained a crucial crossroads dispatching populations, cultures and pathogens to various parts of Europe and Asia, as Willerslev and colleagues have shown with an additional analysis of 137 ancient but more recent human genomes dating from the Iron Age (Nature (2018) 557, 369-374).
The analyses covering around 4,000 years from 2500 BCE to 1500 CE showed that the Scythian groups that inhabited the Western Eurasian steppes in the Iron Age have a complex genetic heritage including genetic traces of European farmers and Siberian huntergatherers as well as the steppe herders that preceded them.
Movements across the steppe that impacted European history include the invasions of the Huns, the spread of the plague (Curr. Biol. (2016) 26, R219-R221), and the spread of Turkic languages from East Asia across the steppe and into Anatolia where they replaced the ancient Indo-European ones.
Telling the tale
In addition to the phylogenies of genomes and languages, there is a third, more surprising one that can shed light on the history of Indo-European cultures, namely that of folk tales. Sara Graça da
